The standard chemical compositions of aluminium alloys for die-casting specified by JIS at present are divided into two groups in the light of the iron content as impurities except Al-Mg system alloys. This is due to the fact that iron as impurities has a great effect on mechanical properties of the alloys and casting conditions. Therefore, JIS's specifications impose limits of iron contents to below 1.3% and below 2.0%. In this report, the authors carried out an experiment on the effect of iron on various properties to examine the above specifications comprehensively. Four kinds of alloys having different iron contents were prepared by melting. Then 300 test pieces for tensile strength tests and impact tests specified by ASTM were produced from each alloy by using the cold-chamber type 80 CT die-casting machine of Toshiba Kikai Co., Ltd. The defects of the test pieces were examined by X-ray photography, and their tensile strength, elongation and impact values were obtained. Microscopic examinations were also carried out. The above experiment showed the following results
I. Introduction
Currently JIS (Japanese Industrial Standard) specifies 13 categories of aluminium alloys for die-casting. The chemical composition of aluminium alloys except Al-Mg system alloys can be divided into two categories depending on the iron content. This is due to the fact that iron has a great influence on the mechanical property and casting conditions. Generally, when the iron content reaches the maximum limit of 2%, the metal becomes brittle, the impact resistance decreases, hard spots occur easily, and the machinability is deteriorated. When the iron content is low, the burnt structure easily occurs and shortens the life of the movable part of the permanent mould. Therefore, JIS's specifications limit the iron content to be less than 1.3% and less than 2.0%, respectively. The present experiment was carried out on the effect of iron on several properties in this connection.
II.
Preparation of Specimens
Alloy making
As starting materials, alloys of JIS's category Nos. 12 and 13 were chosen, and an iron wire was used as the additive element in order to make a variation of the iron content. The furnace for melting was a gas fired furnace in order to control the temperature.
The melting pot used was a pot of cast iron with adequate alumina lining for the protection of iron contamination.
As the melting method, the weighed virgin ingot was Then, after inserting an iron wire, a complete diffusion melting was carried out. The chemical composition of the alloy thus produced is shown in Table 2 . The contents of silicon and copper were almost unchanged, but the iron content was varied in steps of 0.6% to produce 4 kinds of test alloys. Table 2 Chemical compositions of the alloys used.
Permanent mould
The diagram of the permanent mould is illustrated in Fig. 1 . The shapes of tensile and impact test pieces were based on the specifications of ASTM (American Society of Testing Materials), the dimensions of which are shown in Fig. 2 . 
Temperature of the permanent mould
In order to measure the inside temperature of the permanent mould, three holes of 5mm in diameter were provided at a, b and c shown in Fig. 1 , viz, 2 holes on the movable die and 1 hole on the fixed die , bringing closer by 12mm to the cavity part, and alumel-chromel thermocouple of 0.65mm in diameter whose joint point was fixed with fuse metal and connected with a Temperature Recorder was inserted to record the temperatures at each point. At the same time a radiation pyrometer of the distance coefficient 1 was installed at the position shown in Fig. 3 . The temperature of the movable die surface measured was recorded . by the electron-tube type Automatic Balance Recorder.
Casting temperature
The optimum casting temperature for aluminium alloy the gas burner to maintain this temperature and record the melting temperature of each shot simultaneously.
Casting
The shot cycle has been set up at about 40sec , while the chilling period was fixed at about 10sec. 3. X-ray inspection 300 pieces of each alloy were arranged in the order of shot numbers and examined by X-ray photography to inspect the existence of defects.
Microscopic structure
A tensile test piece of each alloy having the most typical mechanical property was selected and its structure was photographed.
(1) Leopold Frommer: Handbuch der Spritzgusstechnik, S. 560. melted metal rapidly goes down after pouring, the actual casting temperature would be lower to some extent.
the temperature increased.
The present experiments also showed that a better mechanical property could be obtained with the rise in metal temperature.
Permanent mould temperature
As cooling water was not used, the temperature of the mould increased from the pre-heating temperature temperature of die was measured at the points of a, b, c in Fig. 1 ; the temperature at "a" was the highest, and the temperatures at "b" and "c" almost coincident.
Namely, both of the surface temperature of movable die and the inside temperature of die roughly coincided with each other within this temperature range.
In case of the aluminium die-casting, Doehler(4) recommended to be most suitable.
Tensile strength
The relationship between tensile strength and elongaaverage values were calculated arithmetically, excepting the values which were obviously considered due to blow-holes. From this it appears that there is a weak positive correlation between tensile strength and elongation for the same kind of alloys. The average values for test pieces "A" are 25.9 kg/mm', "B" 26.6 kg/mm', "C" 27 .3 kg/mm2 and "D" 24.4 kg/mm'. The tensile strength increases up to 1.45% with increase of the iron content, but it decreases rapidly when it reaches As given in Fig. 13 , the average elongations for iron contents of 0.31, 0.93, 1.45 and 2.05% were 2.8, 1.4, 1.3 and 0.8%, respectively. This shows that the elongation decreases with increase of the iron content. Particularly, it seems that even if the iron content increases above a certain degree, the decrease rate of elongation becomes small and remains almost constant.
Generally the tensile strength and the elongation are not in parallelism. In case of the 2.05% iron content, however, both tensile strength and elongation decrease: it seems that its substance develops considerable embrittlement. The standard elongation value of SC 114 A corresponding to category No.12 is 2.5%, but the elongation shows an increase with the 0.31% iron content, beyond which it remains at a low value. Therefore, directly the influence of copper made it impossible to compare them.
Impact value
The result of impact tests is illustrated in histograms Fig. 12 Relation between frequency and impact strength of D (Fe 2.05%) alloy. test pieces and the abscissa denotes the absorbed energy in the kg-m unit when the raised angle was set at 144. These results and the changes in impact values with the iron content are given in Fig. 13 . In this figure the change in the impact value has an entirely same tendency as that in elongation and decreases with the increase of iron especially in the range of 0.31% to 1.45%, but the further increase of iron does not make any change of the elongation.
X-ray test
The results of X-ray tests of all the test pieces showed that almost no blowholes appeared over the gauge length, except the occurrence of some blowholes on the chuck parts of the pouring gate and its opposite side.
In Table 3 Compositions of metallic hard spots in the aluminium alloys.
Photo. 6 Defect inspection by means of X-ray photographs of on impact test piece.
fact that JIS and ASTM's specifications impose limits as already mentioned. V. Summary 1. The tensile strength increases up to the 1.45% iron content, but it decreases rapidly when the iron content amounts to 2.05%.
2. Both elongation and impact values decreases with increase of the iron content; especially the decrease rates are conspicuous up to about 1.0% but remain small with the further increase of the iron content.
3. When the iron content increases more than about 1.45%, intermetallic compounds occur easily, and develop remarkably in the vicinity of 2%, exerting an unfavorable effect on the mechanical properties.
